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Although the head and neck region is recognized as the
most common location for peripheral nerve sheath tumors,
central involvement, particularly in the jaw bones, is quite un-
usual. Neurofibroma is one of the most common nerve sheath
tumors occurring in the soft tissue and generally appears in
neurofibromatosis 1 (NF1 or von Recklinghausen's disease).
Malignant peripheral nerve sheath tumors (MPNSTs) are
uncommon sarcomas that almost always arise in the soft tissue.
Here, we report four cases of intraosseous peripheral nerve
sheath tumors occurring in the jaw bones and compare the
clinical, radiologic, and pathologic findings in order to make
a differential diagnosis.
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INTRODUCTION
Benign tumors of the peripheral nerve sheath,
particularly neurofibromas, often occur in the soft
tissues of the head and neck region. However,
intraosseous neurofibromas are reportedly rare,
because the bones do not contain myelinated
nerves or nerve sheaths within their medullary
space.
1 The majority of central neurofibromas
occur in the mandible and 33 cases have been
reported so far.
2-8
Neurofibroma occurring in the jaw bones
characteristically presents as a single lesion, and
rarely presents as multiple lesions, such as in
von Recklinghausen's neurofibromatosis (also
called NF1). They often exhibit deformed and
expanded nerve canals and jaw cortices as a
result of the pressure of the neurofibroma's ex-
pansile growth.
Malignant tumors arising from the peripheral
nerves or displaying a different degree of dif-
ferentiation of the various elements of the nerve
sheath, are now collectively referred to as malig-
nant peripheral nerve sheath tumors (MPNST).
9
This can replace a number of tumors that have
been previously known as malignant schwan-
nomas, neurofibrosarcomas, and neurogenic sar-
comas. Although there is some controversy as to
the diagnostic criteria of this tumor, a sarcoma
arising from a peripheral nerve or a pre-existing
neurofibroma is generally accepted to be
MPNST.
10 They are usually high-grade sarcomas
with frequent pleomorphism, atypical mitosis,
and necrosis, and should be differentiated from
melanomas, spindle-cell carcinomas, and sarcomas
such as malignant fibrous histiocytoma, fibrosar-
coma, synovial cell sarcoma, and leiomyosar-
coma.
9
Peripheral nerve sheath tumors are difficult to
diagnose and treat due to their rarity, their vari-
able clinical expression pattern, and their pro-
gressive growth, even when benign. Here, we
report four cases of an intraosseous peripheral
nerve sheath tumor occurring in the mandible
and/or maxilla with their clinical, radiographic,
and histopathological characteristics.
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CASE REPORT
Case 1
A 10-year-old girl was evaluated by her dentist
for a delayed eruption of the mandibular right
first molar. During an oral examination, a bulging
of the edentulous alveolar ridge was observed
posterior to the partially erupted right mandibular
first premolar and to the maxillary first molar
(Fig. 1-A). Facial disfigurement due to the bulging
of the right lower face was also noted. A physical
examination revealed multiple cafe-au-lait spots in
her neck, back, and axilla. The patient's mother
also had cafe-au-lait spots on her right arm.
A panoramic radiograph showed two separate
areas of radiolucency at the body-ramus of the
right mandible and right posterior maxilla (Fig.
1-A). The teeth were impacted in the lesions. A
computed tomography (CT) scan revealed two
well-circumscribed radiolucent lesions and over-
lying cortical expansions at the mandibular body-
ramus and posterior maxilla (Fig. 1-B, C). The
maxillary lesion extended to the infratemporal
space with destruction of the posterior maxillary
wall.
After an incisional biopsy, surgical enucleations
of the mandibular and maxillary lesion via intrao-
ral approach were performed. Two specimens
from the mandible (3.0 × 3.0 × 3.0 cm each) and
one from the maxilla (3.5 × 4.0 × 3.5 cm) with the
impacted teeth were sent for pathologic evalua-
tion and were diagnosed as neurofibromas.
Histologically, the tumor contained interlacing
bundles of elongated cells with wavy, dark-
staining nuclei. The cells were intimately asso-
ciated with wire-like strands of collagen. (Fig. 1-D)
The stroma of the tumor was dotted with occa-
sional mast cells, lymphocytes, and small nerve
fibers throughout the tumor. Most of the tumor
cells were positive for S-100 protein on immuno-
histochemical staining (Fig. 1-E). Although the
dental follicular tissue was largely separated from
the tumor, the stromal portion of the follicle had
a hyalinized background, instead of myxoid
nature found in normal dental follicles. However,
immunostaining for S-100 protein was negative on
the follicle stroma.
Case 2
A 23-year-old male patient visited the oral and
maxillofacial clinic for facial esthetic problems. He
showed an asymmetric face with an outward
bulging of the lower face. His left lower molars
were absent and the overlying mucosa was
expanded lingually. A physical examination re-
vealed multiple cafe-au-lait spots at the back, arm
and abdomen, which were confirmed by a derma-
tologist. But a familial history of neurofibro-
matosis was not reported.
A panoramic radiograph revealed that the
mandibular left second and third molars were
impacted and the inferior alveolar canal was dis-
placed inferiorly. A relatively well-circumscribed
radiolucent lesion was found around the im-
pacted molars in the mandibular angle and
ramus. A CT scan revealed a radiolucent lesion
around the teeth and the surrounding buccal
cortices were expanded in the mandible (data
not shown).
After an incisional biopsy, the lesion was
enucleated and the impacted teeth were extracted.
Microscopically, the tumor consisted of spindle
cells associated with collagen fibrils and a large
amount of stromal mucosubstances that were
similar to that observed in Case 1. Immunohis-
tochemical staining for S-100 protein revealed a
strong positive reaction on the tumor cells. The
dental follicular tissue was separated from the
main tumor, even though the stromal compart-
ment was rich in hyalinized collagen. The opera-
tion wounds healed well without any compli-
cations and the patient showed no signs of recur-
rence during follow-ups.
Case 3
A 15-year-old female patient was referred by a
local dental clinic for an evaluation of radiolu-
cency on the anterior mandible. During the
clinical examinations, tooth mobility of the four
lower anterior teeth and the elevation of the labial
vestibule around them were noted. There were no
clinical findings of neurofibromatosis. The pano-
ramic radiograph (Fig. 2-A) and CT scan (Fig. 2-B)
showed a round radiolucent lesion with an
ill-defined margin and resorption of the lowerZhongmin Che, et al.
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anterior teeth. The lingual cortex was intact, but
the labial side was perforated with a radiolucent
mass. In addition, root resorption of the affected
teeth was evident on the periapical dental X-ray
(Fig. 2-C).
MPNST was diagnosed based on an incisional
biopsy of the lesion and a wide excision of the
mandible was performed. A histologic examina-
tion showed that the tumor cells were arranged in
short fascicles without any nuclear palisading. The
nuclei were irregular in shape and the cytoplasms
were lightly stained and indistinct (Fig. 2-D and
E). In addition, multinucleated giant cells and
abnormal mitoses were present throughout the
A B
E D
Fig. 1. Preoperative panoramic images
(A) and CT scan (B, and C) show the
expansile radiolucent intraosseous le-
sions in the mandible (indicated by
arrows in A & B) and maxilla (indi-
cated by arrow heads in A & C). The
elongated tumor cells in the interlacing
bundles with surrounding collagen
bundles can be seen in H-E staining (D)
and they are positive for the S-100
protein (E).
C
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Fig. 2. Preoperative panoramic (A), CT
scan (B) and dental periapical image
(C) shows an ill-defined radiolucent
lesion (indicated by arrows) in the
mandible with root resorption of the
adjacent tooth. The tumor cells do not
show a palisading arrangement of the
nuclei (D and E). However, there are
multinucleated giant cells (indicated
by arrow heads) with abnormal mito-
sis (indicated by arrow).Intraosseous Nerve Sheath Tumors in the Jaws
Yonsei Med J Vol. 47, No. 2, 2006
tumor. Immunostaining for S-100 protein was pos-
itive in the cytoplasm and the nuclei of some
tumor cells, whereas HMB-45 staining was nega-
tive.
Case 4
A 13-year-old girl was evaluated and referred
by her dentist for an abnormal mucosal and bony
defect on the right maxillary incisor region after
orthodontic treatment. During the oral examina-
tion, gingival recession with tooth mobility were
observed on the right maxillary incisors (Fig. 3-A).
Dental radiographs showed extensive osseous
defects and external root resorption of the right
maxillary incisors and canine (Fig. 3-B). The CT
scan revealed a poorly demarcated radiolucent
lesion involving the labial, palatal and nasal sides
of the region (Fig. 3-C). But the patient demon-
strated no clinical sign of neurofibromatosis.
After an incisional biopsy, a transoral wide
excision and anterior maxillectomy was perfor-
med. Histologically, the tumor contained spindle
cells associated with collagen fibrils and large
Fig. 3. A clinical intraoral picture (A) shows a bony depression, gingival recession and root exposure (indicated by
arrow) on the right maxillary incisors. A dental radiographic image (B) and maxillary CT (C) reveal an extensive osseous
defect and external root resorption of the right maxillary incisors and canine. The elongated tumor cells in the interlacing
bundles with surrounding collagen bundles and multinucleated giant cells with abnormal mitoses are seen in H-E
staining (D) and they are positive for S-100 protein (E).
Table 1. Summary of the Clinical and Radiographic Features of the Four Case Studies
Case Age Gender Cafe-au-lait spot
Impacted
teeth
Location Radiographic features Diagnosis
1 10 F + +/+
mandible/maxill
a
well-defined radiolucency Neurofibromatosis
2 23 M + + mandible well-defined radiolucency Neurofibromatosis
3 15 F - - mandible poorly-defined radiolucency MPNST
4 13 F - - maxilla poorly-defined radiolucency MPNST
C B
D E
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amounts of stromal mucosubstances. The tumor
was diagnosed as MPNST (Fig. 3-D) and an
immunohistochemical staining for S-100 protein
also showed a strong positive reaction on the
tumor cells (Fig. 3-E). The wounds healed well
without any signs of recurrence during follow-up
visits.
DISCUSSION
Neurofibromas are neurogenic neoplasms,
which are relatively well-circumscribed, although
not encapsulated, and which might originate
from the peripheral nerve sheath.
5 Although
neurofibromas are often found in the head and
neck region, their central lesions, such as in the
jaw bones of the mandible or maxilla, are
rare.
2,5,12-14
Several subtypes of neurofibromas occur in von
Recklinghausen's disease, which can be diagnosed
based on gross clinical and microscopic findings.
A localized neurofibroma of von Recklinghausen's
disease has similar histological findings to a soli-
tary lesion, but the von Recklinghausen's lesion
can reach a larger size than a solitary one. Only
15 cases of mandibular intraosseous neurofi-
broma in association with neurofibromatosis have
been reported in the literature.
15-20 Our first two
cases showing intrabony neurofibromas accom-
panied by cafe-au-lait spots belong to this cate-
gory.
Craniofacial abnormalities in neurofibromatosis
include calvarial defects, changes in the sella
turcica and orbit, hypoplasia of the mandible and
zygomatic arch, and abnormalities of the temporal
bone. Facial or intraoral swelling is the most com-
mon clinical symptom when this tumor occurs in
the jaw.
5 Although the peripheral type of neuro-
fibroma lacks encapsulation, which imposes diffi-
culties in its complete removal, the central type in
the jaw rarely poses such difficulty in its removal.
3
However, the recurrence rate for solitary neurofi-
bromas is reported to be 23.5%
21 and for neuro-
fibromas from neurofibromatosis it is reported to
be 30%.
2 These rates are related to the lack of
encapsulation.
5 All cases in this report were not
completely confined to the bony cage of the man-
dible, and they showed the perforation or resorp-
tion of the cortices that required careful attention
for the proper dissection and the selection of the
appropriate margins.
Most intraosseous solitary neurofibromas are
found in the mandible, probably because of the
passage of nerves through the mandibular canal.
They can also cause ramification of the teeth.
These neurofibromas occur at various ages, from
2 to 65 years,
2,20,22,23 while the soft tissue type (in
the presence of von Recklinghausen's disease)
occurs mostly in the younger age group (mean
age, 15 years).
24
The lesions are frequently accompanied by a
developing dental follicle or impacted tooth. But
the role of dental follicles in the pathogenesis is
not clearly understood. When our two cases were
histologically evaluated, the follicles were clearly
separated from the main tumor tissue, which
suggests that the tumor was not derived from the
follicle.
On the other hand, MPNSTs in the soft tissue
are uncommon, and a primary MPNST in the
bone is one of the most uncommon neoplasms.
Although MPNSTs are unusual in the long bones,
they have been reported to occur as solitary
lesions in the mandible, and they are rarely asso-
ciated with neurofibromatosis.
25,26 They can de-
velop from pre-existing neurofibromas or schwan-
nomas, de novo from the peripheral nerves, or
following radiation therapy.
27 The malignant
transformation rate of a neurofibroma is known to
be between 5-16%,
2,21 and approximately 50% of
MPNSTs are reported to be associated with von
Recklinghausen's disease (also called NF1).
2,28
Most of MPNSTs occur between 20 and 50 years
of age.
1,29 Interestingly, our two MPNST cases
involving the jaw bones developed in teenagers
without any evidence of NF1. A review of the
literature on intraosseous MPNSTs by Bullock et
al.
25 confirmed a wider age distribution (between
4 and 76 years of age) when compared with the
soft tissue counterpart,
2 and none of them had a
neurofibromatosis. These reports and the clinical
features of our cases support the notion that pri-
mary intraosseous MPNSTs have different clinical
features from those in the soft tissue.
The origin of the intraosseous MPNST is still
obscure. Although it is possible that extraosseous
MPNSTs invade the bony space by secondaryIntraosseous Nerve Sheath Tumors in the Jaws
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erosion or arise from a nerve passing through a
bony foramen,
25 the radiologic and clinical find-
ings of our two cases clearly show that their intra-
osseous origins were distant from the mandibular
and mental foramen. Moreover, their periapical
involvement and predominant jaw localization
suggest the possibility of an odontogenic or
neuroectodermal origin. However, this requires
more supportive evidence.
MPNSTs show a similar histologic pattern to
those of fibrosarcomas or monophasic synovial
sarcoma. MPNSTs, however, have irregular con-
tours with wavy nuclei and myxoid stroma (as
shown in Cases 3 and 4), suggesting a neurogenic
origin, while fibrosarcomas and monophasic
synovial sarcomas show symmetrically spindled
cells with fascicular patterns.
9 The most widely
used antigen, S-100 protein is known to be ob-
served in 50-90% of MPNSTs cases.
30 Although
Leu-7 and myelin basic protein are found in 50%
and 40% of them, respectively,
30 none of these
markers are reported to be specific for the cells of
neural differentiation. Our MPNST cases showed
a negative response to pan-cytokeratin and
smooth muscle actin (data not shown), so we
excluded the possibility of monophasic synovial
sarcoma and leiomyosarcoma.
MPNSTs have been reported to be highly ag-
gressive and have a high propensity to metas-
tasize to distant sites.
31 In addition, they tend to
recur locally despite aggressive surgical appro-
aches. A positive margin is known to be the
primary and single factor for predicting a local
recurrence.
32,33 Therefore, treatment requires a
block resection, and sometimes even radiation
therapy has been recommended.
34 Our cases also
showed the typical ill-defined margin of MPNSTs,
with an eroding pattern and the resorption of the
adjacent teeth. These cases required a wide resec-
tion.
We report four cases of rare intraosseous
benign and malignant peripheral nerve sheath
tumors that occurred in the jaw bones, including
two cases of neurofibromatosis and two cases of
MPNST. Their clinical, radiographic, histopatho-
logical, and immunohistochemical characteristics
were reviewed in conjunction with the age of
the patient, the type of surgical intervention,
and the accompanying impacted teeth in in-
traosseous neurofibroma. These findings suggest
that intraosseous MPNSTs may have different
clinical characteristics from lesions of the soft
tissue.
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